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Stopped E5 beam of 3 107 /sec in a 150 m target

1. Drift Chambers for e+ momentum (DCH) in  Magnetic Field

2. Scintillation counters for e+ timing (TC) in Magnetic Field

3. Liquid Xenon calorimeter for energy and timing (LXe) (scintillation)



 Paul Scherrer Institut (CH)Most intense continuous muon beam
 1.6 MW proton accelerator
 Presently, more than 2 mA of protons (possible upgrade  to 3 mA)
 Highly stable beam
 > 3 x 108 muons/sec @ 2 mA









e+

Mu-target

gamma

Drift Chambers

Inner surface of  CoBRa

Gap  for

the Timing 

Counter





BC408
BC404



APD

4x4 cm Scintillating bar 2” PMT

coupler

Timing counter

with fiber sexposed

Fibers-electronics  

assembly





Special new plastic used for 

“mozzarella” „s bag (EVAL) has been 

produced with a thickness of 250 um 

(typically 25-50 um)

EVAL  has one of the lowest  He 

diffusivity coefficient among  plastics:

With 2 m2 surface expose to 1 atm He

We achieve 1-10 times the natural

atmospheric He partial pressure





 γ Energy, position, timing
 Homogeneous 0.8 m3 volume of liquid Xe = 

2.7 t
 10 % solid angle
 65 < r < 112 cm
 |cosθ| < 0.35, |ϕ| < 60.o

 Only scintillation light
 Read by 848 PMT 2’’ photo-multiplier tubes
 • Maximum coverage
 • Immersed in liquid Xe
 • Low temperature (165 K)
 • Quartz window (178 nm)

 Thin entrance wall
 Waveform digitizing @2 GHz
 Pileup rejection



 Inner PMT array, Cryostat, final positioning 



 All channels are readout by a  GHz WFD

 DRS chip (Domino Ring Sampler)
 Custom sampling chip designed at PSI (BW of 950 MHz)
 0.2→5GHz sampling. →40 ps timing resolution
 Sampling depth 1024 bins for 9 channels/chip
 Full waveform is a handle to do pile-up rejection





 It is understood that in 
such a complex detector 
a lot of parameters must 
be constantly checked

 We have prepared 
several  and  redundant 
calibration and 
monitoring tools:
 • Single detector
 • PMT equalization for 

LXe and TIC
 • Inter-bar timing (TIC)
 • Energy scale
 • Multiple detectors
 • relative timing





 This calibration is performed  
routinely

 Muon target moves away and a 
crystal target is inserted

 Hybrid target (Li2B4O7)
 Possibility to use the same 

target and select the line by
 changing proton energy





 negative pions stopped 
in liquid hydrogen target

 Tagging the other 
photon at 180o provides 
monochromatic photons

 Dalitz decays were used 
to

 study positron-photon 
synchronization and time

 resolution: π0 → γe+e−



Hit point resolution for photon conversion position was evaluated by 

CEX run with Pb collimators  ~ 5mm



 Positron time 
measured by TC and 
corrected by ToF
(DC trajectory)

 LXe time corrected  
by ToF to the 
conversion point

 RMD peak in a 
normal physics run 
corrected by small 
energy dependence;

 stable < 20ps



 alignment by CR & 
Michel e+

 DC - B field - target -
LXe

 optical surveys
 DC: MILLEPEDE ( like 

in CMS)
 target holes
 LXe: Pb collimators
 more detailed 

implementation of e+
correlation



Parameters:
(Eγ, Ee, Teγ, θeγ, φeγ)
Outputs:
signal, acc BG, RD BG

→ signal, acc BG, RD 
BGPARAMETERS

PDFs mostly from data

accidental BG: side bands

signal: measured resolution

radiative BG: theory + resolution



Fully frequentist approach (Feldman &
Cousins) with profile likelihood ratio ordering







 The normalization factor is obtained from the number of 
observed Michel positrons taken simultaneously (pre-
scaled) with the μ→eγ trigger
 Cancel  at first order
 Absolute e+ efficiency and DCH instability
 Instantaneous beam rate variations



 A μ→eγ event is described by 5 kinematical variables

 Likelihood function is built in terms of Signal, radiative Michel decay RMD and 
background BG number of events and their probability density function PDFs

 Extended unbinned likelihood fit: mfit (Nsig, NRMD, NBG) in a wide region
 PDFs taken from

 - data

 - MC tuned on data
 Cuts:

• 48 ≤ Eγ ≤ 58 MeV • 50 ≤ Ee ≤ 56 MeV • | Teγ | ≤ 0.7 ns • | φeγ |, | θeγ | ≤ 50 mrad





BLIND BOX









Nsig = 3.0     Nsig = 3.4

















 systematic errors (in total 2% in UL) include:
• relative angle offsets
• correlations in e+ observables
• normalizati

 (2009+2010expected UL = 1.6×10-12)



 New physics is now constrained by 5× tighter 
upper limit: BR < 2.4×10-12 @90% C.L.

 (Preprint available  in arXiv)
 MEG is accumulating more data this and next 

year to reach O(10-13) sensitivity;
 Detector improvements/upgrade


